On 1 January 2007, Romania entered the European Union. For that reason Romania must comply with all the EU directives in the field of the management of the environment. In 2007, in Romania, Municipal Solid Waste (MSW) was generally landfilled without pre-treatment and energy valorization absent. Some initiatives are in progress but landfilling is still dominant. The entrance in the EU gave an important push to the industrial sectors, increasing the demand of fuels. In this frame an important option regards the use of Solid Recovered Fuel (SRF) as industrial fuel substitute. In Romania, SRF could be generated from MSW using the bio-drying process with post-separation of inert fractions as the percentage of organic fraction in the residual MSW is significant. Today in Romania bio-drying plants for residual municipal waste (RMSW) are under discussion but not yet implemented. The present paper deals with the potential use of SRF in Romania. Some aspects of local and global environmental impact related to a partial substitution of conventional fuels with SRF for industrial uses are discussed too. Some considerations are also based on the assessment of the Romanian SRF characteristics that could be potentially generated. The scenarios that are discussed concern the use of SRF obtainable taking into account also the development of the Romanian MSW composition and the effects of the selective collection evolution.
Introduction
On 1 January 2007, Romania became one of the European Union (EU) members. According to the European Association Agreement, the Romanian development policies must be guided by the principle of sustainable development, taking full account of environmental considerations [1] .
Romania started to implement the EU principles on waste management before entering in the EU. In 2004, the first plan for waste management for the years 2003-2013 was issued through the national regulation 1470/2004, taking into account the national environmental protection and the sustainable development. In the first instance, waste prevention was indicated, in the second, recycling and energy generation and only in the last one, disposal of waste with no recovery of either materials and/or energy. In 2004, through the regulation 170/2004, the rubber management was imposed and in 2005 the pathway for the adoption of the directive 2000/76/EU on the incineration and co-incineration of waste was completed through regulation 268/2005.
Between 2005 and 2006, the regional waste management plans were developed followed by the county waste management plans in [2007] [2008] [2009] and by feasibility waste integrated management studies to be financed through "Sectoral Operational Program Environment -SOP ENV 2007-2013". The SOP ENV helps Romania to achieve the EU objectives regarding the protection and improvement of environment quality and to develop basic infrastructure to European standards.
The last regulation issued in Romania, n. 870/2013, regarding the waste management for the period 2014-2020, imposes the up-date of the national waste management plans with the aim to reduce conventional resource consumption and to apply strictly the waste hierarchy. Until 2015 Romania has to develop 30 integrated systems for the waste management at regional and county level. Romania has already obtained a transition period until 2017 for the waste landfilling through the regulation 349/2005 and until 2015 for the import, export and waste transport through regulation 259/93. In the regulation 870/2013 it was indicated that Romania could replace most of the thermal energy produced by conventional plants with the one from waste thermal treatment plants that could treat about 15%-20 % of generated waste. In this way the request from the EU legislation 2009/28/EC regarding the use of renewable energy and the ones from the Revised Waste Framework Directive regarding the valorisation of household waste, as a percentage of the total household waste equal to 50% by 2020, could be complied.
The mechanical biological treatments (MBT) represent the most used options for the production of "fuel" starting from municipal solid waste (MSW). To this concern a one stream option of MBT could be preferred to a two stream option of MBT as the first one could put to zero the need of landfill volumes [2] . A typical one-stream option is based on the bio-drying process [3] [4] [5] . The final material from these processes, named generally solid recovered fuel (SRF), after or without a refining stage (depending on the input materials) can be sent to different thermal plants for energy recovery in concordance with the UNI norms [6] [7] [8] [9] [10] .
Since 2006, a part of the Romanian industry has begun to support and apply an environment policy putting on the first place the reduction of atmospheric pollution, the ecological products production and the co-combustion of waste for saving natural resources. An important step that the Romanian industrial sector made was the one of a good partnership with the waste sector. The first kinds of waste authorized to be used in the industrial sector as alternative fuel are exhaust oil, sludge, used tires, refuses of the wood sector, paper and also some waste from the chemical industry. Generally the use of these fuels is limited to the cement sector. Good examples were given by the Romanian cement factories as:
 Carpatcement Holding cement factory modified its production process in 2004 in order to use also alternative fuels as rubber, plastic, textiles, paper and cardboard, wood, etc.
[11];  Holcim cement factory, has obtained the ISO 14001 certification before the aderation of the Romania to the EU, and today uses about 100 types of waste in its production processes [12];  Lafarge cement factory implemented different standards for waste use in its plant and also developed a new company, ECOGEST, for the waste valorization [13] . Selective collection (SC) in Romania has a very low efficiency, and for that reason the residual MSW (RMSW) has a high organic fraction content: about 50% in urban areas [14, 15] because of the very low food waste selective collection. For this reason the bio-drying process could be developed successfully as demonstrated by different literature researches [5, [16] [17] [18] [19] [20] . After a refining stage SRF can be sent to coal fired power stations or to cement kilns for partially substituting coal and pet-coke [7, 8] .
The SRF valorisation can be viewed for Romania as a strategic component of an integrated waste management policy because in this way the quantity of the biodegradable materials that could arrive in a landfill can be reduced as requested from the Landfill Directive from 1999/31/EC, the produced energy can be from renewable sources (the biodegradable part of SRF is considered as biomass) and lastly but most importantly, natural resources use can be decreased.
In this paper an option is presented and discussed for using the Romanian SRF that could be obtained from the RMSW bio-drying.
RMSW bio-drying and SRF
The situation of Romanian MSW from 2006 to 2011 is presented in fig. 1 . Also today a part of the produced MSW is still uncollected (about 10%) [21] . The collected waste in 2011 was disposed of in 31 sanitary landfills and in 106 not controlled ones (75 of these were closed in 2012 and the remaining will be closed until 2017). During the closing of the old uncontrolled landfills, some transfer and sorting stations were constructed: 70 are operating since 2012 [21] .
Thanks to the Phare CES 2004 Programme and integrated waste management projects at county level (financed by ISPA or SOP Environment) in 2012, 70 platforms operated for composting biodegradable MSW and about 50 plants and composting platforms were in various stages of implementation and regulation in terms of environmental protection [21] . However all these plants treat only 10% of the produced biodegradable waste. For this reason, the bio-drying treatment with SRF production and its energy valorisation seems to be the most viable solution for the Romanian MSW [18, 19, 22] . Romanian RMSW has generally high organic fraction content (about 50%). Fluctuations can depend on selective collection, but this sector is not yet developed to levels that can significantly affect the RMSW composition as in other EU countries [23] [24] [25] . In order to study the viability of bio-drying for generating SRF for Romanian RMSW, this process was applied at pilot scale [1, 3, 5, 18, 19] .
The composition used as reference for the Romanian RMSW was calculated starting from the Romanian MSW composition that is shown in fig. 2 . The RMSW (biodegradable waste of about 51%) was calculated also taking into account the efficiency of the transfer and sorting as well as composting stations. The lower heating value (LHV) dynamics of the present Romanian RMSW, bio-dried material (BD) and SRF during the bio-drying treatment are reported in fig. 3 [10] . It must be underlined that the LHV increase of bio-dried material and of SRF after two weeks is respectively around 24% and 40%. This is not an energy increase because it must be taken into account that the available mass of fuel is lower after the process. The process allows "concentrating" the initial energy with a contemporary consumption of electrical energy. Generally the energy available at the end of the process is about 3% lower than the initial one [5, 10] , apart from the electricity needs that change depending on the adopted technology. The SRF was assessed from the material after the bio-drying process taking out the glass, metals and inert fractions. The implementation of the principle of waste management and selective collection will change the characteristics of the Romanian MSW and RMSW [24] . Anyway, in spite of the aim to avoid an increase of MSW generation, it must be taken into account that the future per-capita production of MSW is expected to increase. In the future scenario, the quantity of materials with high LHV are expected to decrease in the RMSW thanks to the SC of paper, cardboard a packaging waste. If the Take-Back-Programs (TBP) will be also implemented, the residues from the recycling of these fractions with high LHV will be returned to the RMSW [26] . Also the percentage of biodegradable materials and glass are expected to decrease significantly from RMSW thanks to the SC. Taking into account these indications, the future RMSW composition was hypothesized and its LHV was calculated, resulting to about 10 MJ/kgRMSW. The presence of inert in RMSW will depend on the correct management of residues from demolition/construction: they are special waste but often a part of them is disposed of as MSW. If no attention will be put to this aspect, the percentage of inert in RMSW is expected to increase. Moreover, it must be underlined for the future Romanian RMSW could be assumed as a SRF-like thanks to its LHV, which is similar with the one producible from the current RMSW (about 11 MJ/kg SRF ). This aspect was recently discussed in the literature [26] but more studies must be carried out in order to comply also with the respirometric and chlorine and mercury values to be imposed for a correct management [8] . In practice, RMSW bio-drying could be a viable solution for the years of transition towards an optimized MSW management (contributing in the short period to the compliance of the EU Directives regarding the landfilling minimization and the use of renewable sources of energy), but in the long period its adoption could be no longer necessary.
Potential of SRF use
The SRF can be used in different thermal plants as indicated in the UNI norms [7, 8] . In table 1, the LHV of different conventional and unconventional fuels that can be used in cement factories are reported. The use of these materials in cement factories as a substitute of coal must be in concordance with the environmental limits for the cement factory process air and also must not increase the percentage of the pollutants in the final products of the cement factory. In EU, mainly in Germany and Austria, the substitution came to overcome the 50% of the traditional fuel. However in these situations very important changes were made to the process air treatment of the plants with an economic investment [10, [27] [28] [29] . Generally, for one kg of concrete, it is necessary to provide about 3,300 kJ/kg of thermal energy in the clinker kiln and between 90 and 150 kWh/t concrete of electric energy [11] [12] [13] . For this reason, the use of SRF became in recent years the most attractive solution. Another important aspect connected to the SRF use in the cement factory regards the reduction of greenhouse gas effects as CO 2 and SO 2 thanks to the high temperature in the co-incineration techniques (about 1500°C). Concerning NO and NO 2 (that is, NOx) the high temperature of co-combustion in cement works causes an increase in their emissions. Taking into account that the basic off-gas treatment line of such a plant is simpler than the one of a modern incinerator, the emission factor of NO x could be worsen. In order to avoid problems with the local air quality, innovative approaches are under discussion, thanks to the availability of NO 2 sensors that can be placed in strategic sites of the territory to act as sentinels [30] . However, these additional costs and the costs for the eventual modification of the off-gas treatment line can be counterbalanced by the fact that a significant amount of coal is saved and the delivery of combustible waste to the plant is regulated by a fee for their treatment.
In Romania, today the co-incineration capacity of the presented cement factory is about 600,000 t waste /y [11-13], treating about 0.08% of the produced waste. The co-incinerated waste were the ones presented in table 1 together with the residues obtained from the treatment of these fractions and not SRF because, at the moment in Romania, a bio-drying plant or other "waste to SRF" plants do not exist but some of them are under discussion.
Global and local balances
One of the most important parameters regarding the global environmental balance is the CO 2 emission factor referred to a unit of energy. It is clear that the CO 2 measurable in the bio-drying air is the biogenic one [5, 16] but the operation of a bio-drier needs electricity, with an indirect generation of CO 2 . Additionally a correct balance must take into account both the CO 2 from SRF co-combustion and the CO 2 from SRF production. In this respect, only a part of CO 2 from SRF combustion comes from not renewable sources, as RMSW and so SRF are partially biomass.
In table 2, the CO 2 emission from different landfilled and combusted fractions are reported demonstrating that combustion is an interesting pathway from the environmental point of view, referring to greenhouse gases [31] .
Similar advantages can be expected for SRF combustion. A case that can be taken into account is the one related to CO 2 emitted using 1 GJ coming from coal or pet-coke or fuel oil or lignite used in industrial plants compared to one 1 GJ from SRF. The CO 2 emission factors for the selected conventional fuels can be taken from the literature [32] . The CO 2 emission factor for SRF can be assessed taking into account the plastics content in the present and future Romanian waste (CO 2 from biodegradable fractions combustion is not taken into account). Moreover the production of SRF is related to electricity consumption depending on the characteristics of MSW (pre-treatment, bio-drying process, post-treatment) [5, 16] . The CO 2 emissions related to the used electrical energy can be referred to a Romanian thermal power plant. Starting from those hypotheses, in fig. 4 , a comparison of emission factors is presented [1] . The fuel substitution has another advantage: if SRF is not produced, it could be supposed that RMSW will be sent to a sanitary landfilling. Romania can postpone RMSW pre-treatment before landfilling until 2017 [20] . The biogas that will be generated gives a significant CO 2 emission factor because of fugitive emissions. Indeed only a part of biogas can be collected, about 50%. The emitted biogas has a CH 4 content of about 60%. In terms of greenhouse gas equivalence it must be taken into account that methane is 21 times more impacting than CO 2 [32] . As a consequence, an emission factor from MSW landfilling can be assessed (always expressed as g CO2 /GJ of energy in the fuel/waste) that can reach the same order of magnitude as the ones of conventional fuels. If SRF is produced, this contribution on the global balance is set to zero [5, 16] .
Concerning local balances, a question could be related to the expected variation of emissions for instance of heavy metals. An answer could be related to the content of heavy metals in SRF compared to the one of conventional industrial fuel. In this respect, data on heavy metals in German SRF and coal demonstrate that for some heavy metals the environmental balance could be even better using SRF [1] .
Concerning the co-generation plants for steam and electricity production in industrial sites for internal uses, a problem to be faced with is the compatibility of SRF with the existing burner: for instance SRF cannot substitute a liquid fuel in a system designed only for that. As a consequence the strategy based on SRF use should be clear from now in Romania as a number of new industrial plants are under design thanks to the attraction of foreign investments.
Another aspect regards the role of the agencies for the environmental control in Romania in order to guarantee that local impact is adequately low. A network already exists. The Romanian agencies already manage a few monitoring stations. The problem is that the conventional approach of air quality monitoring is not oriented to find specific criticalities. Thus, when an authorization to co-combustion is given, a detailed study on the local effects should be promoted. In this respect, particular attention should be given also to the role of waste transport from the environmental point of view: long distance transport of SRF could give unreasonable environmental balances [33] .
Conclusions
Some considerations can be generated from the present paper:
 the present Romanian RMSW is suitable for an efficient bio-drying aimed to SRF generation;  SRF can be an interesting substitute of conventional fuels in the industry;  global environmental balances can be interesting thanks to the partial presence of biomass in SRF;  SRF can be an alternative to the present use of landfilling;  an adequate local impact can be guaranteed supporting a correct development of the activities in the local environment agencies. What must be taken into account is that in a Romanian scenario it could be more favorable to adopt a strategy based on a decentralization of the energy exploitation of RMSW (based on SRF) as it could lower the capital costs compared to the construction of RSW incinerators.
The LHV of the Romanian the fuel obtainable from waste is more or less in line with the ones from the other EU countries where the SC has not yet very high efficiencies. Thanks to this, it is clear that the solutions applied in the other EU countries for the waste valorisation as energy sources can be applied also in Romania. However, Romania has to stimulate the use of renewable energy sources, including waste, as a part of the energy and environmental policies, promoting the use of SRF as alternative fuel through.
